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(54) SUBSTRATE PROCESSING APPARATUS 

(57)Abstract: 




PROBLEM TO BE SOLVED: To control gas activated with 
plasma to reach a substrate provided within a reaction chamber 
as much as possible under the active condition. 
SOLUTION: A substrate processing apparatus is provided with a 
reaction tube 30 to form a substrate processing region to 
process a wafer W, a furnace flange 4 to support the reaction 
tube 30, a gas supply pipe 7 provided to the furnace flange 4 to 
supply the gas to the reaction tube 30, and a plasma generating 
means 32 to generate plasma. The plasma generating means 32 
is formed of an annular electrode 12 for discharging purpose and 
is then provided at an internal circumferential wall of the furnace 
flange 4. This plasma generating means 32 is provided to the 
furnace flange 4 near the gas supplying pipe 7 to supply the gas 
which requires activation with plasma and forms a plasma 
generating region 26 within the furnace flange. A plasma control means 1 1 is further provided to control 
plasma between the plasma generating region 26 and the substrate processing region 24. 
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IT 




mmm 1 ] ssitrai. 
x m tc -s # x m&w t . 

©2«5KgWT, «riB#X^W^6iiirSBKJ£erttC« 
*&<*ft£#;*£ t S5IBX^Xv£j&!Mg(tJ;D£j&L/c 

[ffl3fcfl2 ] Bul27 - 7Xv^#|5;tcJ:orBul2^P^ 
■5 > S7|*3 "C 77 X-?#«fcu£ S ft * X ^ XvM« 

Mia 75 x-?£js«« i MiesfiiDS^ t ©ra tc . m 
lax ^ x vsbmwh*» 6fijsas«saaM«'^iSA-r z> x 
■7 xva*$usp-r & 7?x^fflm^m&&tttcft>im 1 

&clB*S©gffiMIISSB„ 

[H#JS3 ] MBBX-5Xv£j£^g£a-p-CX^Xv;S: 
&Jj^-<D— mc 7*7 XvK J: 0 rSttfbS ftfc#*£SX 
MIB 77 7 n* - F*9 CC t4 D ii £ ft /ciftj IB X v Xv (c mflB 77* X £t 

tt^ t l tc fix z mammm^m k> m? <t 5 k o 

II 1 ifct* 2 (ClBtg©SSMfl^g„ 
[^©ifcTOfciBBB] 
[0 0 0 1 ] 

[0002] 

t-*«:j-oTJtaJ*Sft5Ki£«*«*.4. c 
©SlD^^P^v^yfCt-jT^Sft. C©*pP? 

7 > i^c #x«*&sa*«w e»ft 6. e>*ra 
^7>y*^L-cSf&eF t 9{C5yx*5^$ftr. as© 

l*3©S«*i«ia. «f||AK(SI«3ft4«l:^K:«fiE3ft*. 
[0 0 0 3 ] C©J:5fc8&CVDiSKK:. St*. 
HX5XvCVD*ISiP?«ft-2>fe©*s*4. Cftti. 

*m 7 7 > v>fr zmtitc&ffimicffi*. we?? X74 

^(Ciot^Xv^L, C©X^XvtCcfc*3 
d^cj£-DT#*£?§14{b;*-ttS. rittfbL- 

t>*FP-7 5 >^rtK:A£. *©IS. ffi© 
IIW^X^, TO7 7>^ tCaSA-T -5. C 
fOt, *pP7^>> ; ^6Kti:.WrtCi:^$ 
ft-t, Sg±fCfSlg*tf^ ; 5<tl^4>©r'*-5> <> 
[0 004] SJ£«rttC«#&3ft^,^X«: l X^X^tC 

<£9r£t£ffc3ftfc#;*a^£fts©r. x->x-7%^o 
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ttt^JfcCVDKMiJt^T. ffil>iBKT»«±<cltJW* 
[0005] 

© >j h v=7 xv^©iiMiggB. 2S&MH©;fc 
itoicmfomPiicm&Zft&rtxic^ >;*-hX^X-7tc 
=fc 0 Stt^bSftfc^X^SftS J: 5 {c*RS5ft-cc> 

[0 00 6] L*>U C©<t5fcflto£T?ra, Sttfbi^ft 
10 fc^ttSJ&SKS-Si-ctc. *'XiMtfi^P7 7 
>y*iiiiHcWft«tt6i&:C>. COfit^Sg^iliS-r 

AtBft#s£ D/c #X IJffitttt^T tt Wft > 

fijSt?©SEc.7>5-c#^^©-c, y-=e- hx^x-^sfci* 

[0 00 7 ] ##£BJ©l*gI(;t, ±aLfcf£*8»©|HJIH 

20 etf5Ci(C*5. 
[0008] 

i, g5iB^P7^>^tc^e.ft. mzipn77>is% 

ft L X MnZfxfc'gft 7J x -£> i . X 

7X-7££j&T&X7Xv^fM8t£<i;t, huIBX^ 
Xv^RS#S*«TiE^P7 7>^©^^«^e©ifi«Cc 
T . SulB**xffit&^ BalBStS^rt Kffti^ 3 n -s 
#X*, B5IBXvXv^S^a«:«=k0&S;L//cX7Xv 
30 tcJ:0?S^bnl^cflljSOfcCi^m<b^^S«®ffi 

[0 009H1 ©^K^ftli. 77X7fi!JfM 

j^P7-7>^©**x«*&e©iafistcswc. tj^w&m 

fboJfife(C«»fiKb/c©-C. SJ5«F»3^*&$ftS**XtC, 
)pO7 7>^O7'7X7ic ( t0iStt<t3nfc*'X!!iiS 

*ft-5. -r^fft*., y-t- hX^xvstc^Lr-rx 
7X?s (/untty-t- hx^xviiajD) i^pftfft 

40 □7 5>2Prt-Cffitt{k3ftT*JSR3ftfcffit4fi*i$Sft 
Wdiot, *pP7 7>y©jiFSaHc{£g-r-5;>7X 
ft^^tC ff * <5 ftfc X 7- X-?>&m-®. K «fc o T ^Jftlffi 

tt^bsft^^ictb^r. ffiita*s^^«ift«*iiji-r 

^.it*T7'C-7i?-fAWfttCj;i3i'««L/c(7 > 77^{S^ 
«©rtM £ l.-Ci£tttt«-Ctt < o tc *) S -S C £ £ 
W$Ktffi±-Ci*£. J: <0 & < ©«14fI#S14 

tt«!Se©S **pP7 9 >y^6JgI& ! i : rt©a»cSiJ3i-r 
•5. 

[0010] m2<D&Wl*. S«IBX5Xv^^l3^J: 
50 oriWBj!FP7 7>S5rt-CX5Xv*s^fiE3fti««* 
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t&mmzmfommmmt lx, mmy^x^^mmm 
■tmimmmmmmtofflit* m^y^x-^^mm^ 

y=? x-?pm^&zm.vtcm 1 ©#feBjfciei£©si£*fiai 

[ooi i] ^2©^Bjic«tnt*. :m?7>y©Xr7 

S©x\ y? x^£i&mmit>£i&Ztitcy'^ x-7<d-%i 

t£#;kS 0 ##PJX«. 77Xvi«iI 

X5xv$r$^g£ts:tfx (,>£©-?, mm^mmm^(D 

tStta©iSA*PfiS-rSCi^< . X7Xv©jfcAfi£ 
fW»-rSC£#T£S. IXc/v^X, X^Xv©gtg-x 
©I;»£i)rr6 ££#-?#*,, 

[0012] m3©#£BjB, m^y^x^&m-Vktt 

X5 Xv fed: D Stt^b S ft 7*c*jX £155 "9 ffiT C £ *5 p[tl 

^ x mux xm&'gfr e. £&*&-r •sciKio 

m-t J: ^ &C IXtlg 1 ©#PJ£fc&ilit2 ©fgB^cfBi&©g 
[0013] 77Xv«ifgtcJ:^TKSn577 

x-rtj, #^-j^tfjDjA#>6ft£©T\ ss^fefflT 
-ssrsif^m-r'SX^x-v'SA^fg^-r-s^ ixc#o 

X. X5Xv©g&^©l;S!£Ai|>SKM-f-S>C£#X£ 

£ftxsig©;s< ^^fc^^xvscwsnso-c. si 30 
»tr§tt{b£ft& 0 fttt{b£ftfc#*(X *^'-tcS:^ 

or, =tOAS©rStta?:SSfca^c<t*5-t:#5© 

¥~ zmmtk < & c £ #x ^ <*> . 

[0014] &te. ±3SL/c^BJ©ffijc. :*©.=fc^&3 
WMttSC i^pjfg-t?**. Wx.\,Z±MtiXtfi 
3£«*f£# *X£>S*&^R:, C©3£$t4*'X£X7Xv£ 

£«. "5J$.14#x ($tx-5k©) 41^tfcM*'xr 

■C. 3^14#^£?§1±<b3#£c£#Xi*6„ 
[ 0 0 1 5 ] ±ia#x#£il^#x£nJ*Rte#x 

[0016] 3tttStt^*^"5Xv^fiS«Jg{K:« 50 
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^-mtj: k> y=? x-7ifi#mztiz> y<? x-?mwmt&, s 

l < «*«Ma«i«cc«*&-r ^ c £ h^im-c 
^mfeiiximmtzit nj^tt** 

xttStt<tS-a-S^S*^^*8^K:W55bt?*S. 
[0017] X5Xv*IJSP^|a«:!tetf^t^»fn 
fl#ofc#Xi*jrc»B£r*C £ ^Bjetx*^. X^X 

c © j: *> ai&v& Ltc*jxffi&-em&? 

[0018] ttc, 77Xv4iS^g^. ftlfOll 

tciijja&m^fcEPflirr^c £«:<£ 19 y 5 x-? 
«fc 5 itl**£LXci«^c:fct,>X. jpuy^^itftr&mmv 
*4i*KB, C©ft«ffi©*ffiW3&J*<*£7>G-C#IS 
^©jm^^Ki&W ££<£(,>„ C©J:5{rr&£. 
S5c«ffl©me**pP7 7 >i>^ £ *i 
X'i*&„ 
[0019] 

[ 0 0 2 0 ] 12 us. mi <DmMmmic%z>y x-7 

*flH>;M8@SJI&C V D (Chemical Vapor Deposition)^ 
g©OT§tftffi0X'$>£ o COggB77Xv^Htf 
S#ffjC£W:giCV Dl£gX& »3 . X^XvCVD 
SSBTtt & i ». 5 i± £ (rub t - * -CftllM 3 ft X I » 

r. iSttfb i/fc#x tArfiRBtKSF 
t*-?z>(D-c. y^x^^mMx-j&mic^-tzy^x 
vcvD*ia<t«M^€.. 

[ 0 0 2 1 ] rsc v D^a«. floats £ Lr©igjn^a 

^t-^ 1 -e©t-3? 1 ©rtffli|tc5^^©?f 

Ort 8BS(K* 3 ^I^I-C^tCffiS: 3 *i 4 . ^SPStSl? 2 £ 

fiSSnSo ^gPSlc.«2, F*38PSlc.e3«^x.«^B« 
©tpP7 9>i?4±tctl^3tx4 0 )FP7 7>y4©T 
+ X5 J: QSi&lcmmstiZ. iFO* -p 
•7X5iC#- h + -;7'3 1*7>L/X*- h B^iESS 

nrrtgpsi£«3rttcifA3tis. #-\-6ia<zj<<v* 

[0 02 2 ] *pP77>y4©F«gg|5Slo i g3T77©f5S 

ic^-xfit^g 7 § ti. * fc^stt.e 2 £ rtgps 

l£W 3 £ © Rfl Cc ffM 3 ft -5 R 1S«©^ M 8 ©T4S 
T4J:^4C. SF««9**^P75>^4K:«tt3ftr(,> 

[0 02 3]^P77>y4iCiJ, 77X7^Mt5 

77X74gifg3 2#i9:W*>ftS. C©X-5X-73Lfi£ 
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j£ d r 7* ^ x v cc <t >3 rStt i b r- £ h & *> tc «t is s n r i* 

Everett. ^7X74jSfa3 2tt, iSSSSSMB 

[0 0 2 4] 7 7Xv&5cfg3 2^6n^^P7 

^^X^fiS#S3 2#»W6ft4#*«*&«7©fi« 
tc« % H^W<D<fc5K:, 7 Offi2©flMc. # 

Sh4««*»S»I««2 4 , 77Xv4fiSfg3 2 

[0 02 6] C (DSSMSM^ 24i77 Xv*^ 
2 6<h<DIHK:, ^^Xv^««2 6*^»««ia«« 20 
2 4 ^«AT £ 7" 5 X -?<DM*m&-? £ y'"y Xv^ 

mi i£t$tt£„ c<Dy'^*-?mm^&i n*, x 
^cj: -oT* ^7X74«jHf sdw*^7X7«iauwi 2 

0^T5)pn77>^4t*^n/cfeO«:^^ 
[0 02 7] C©**©»»©««*ffl^r'5*-^3fe 

X vtc J: 0 ffiftf b L tcHmrtX * #X 7 £>*fP 
7 ^ >S^4 JSJCS 3 0 fc«JS OoogfSMf 9 

Si£«3 0rt«:«lftLr^*--^w±tcj« 

[0 0 2 8 ] C CT\ IS»cr)JBI»(D«ia*ffi**. 6£*<D 
h 7 7 X vKDM^ft i t ^ ^^Ji, Jg 
tfT«3 0ft *#XK. ^D77>^4^ea< 

nscDr«&<, *pp^^>> ) 4cd£^ (c crttjpp 
y^>zJ4ft) ©^7Xv4tfflW2 6tcrrS14{bSn 

2 4ig|gl ZcJpP 7 7>^4rt©^7X7t 50 
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[OO29]02lt HI frc^-T2E*S«»©iPT»©fi 

[0 03 0] j^P7^>SP4tt, ±T#BSPL/dBH*r 

SB4b, T7 7>^S4c^a8W6ti5. ±7^ 

4 bttffS|5Sfc*2 *T**>6£*rr*. ^SPSJ£1f2 

aw3#T#a>633*s*i*. heasjfASftsrt 

[0 0 3 1 ] ««R5(£;«3 tftWmSMZ iOPJtcjgffi 
3 ft & R (BttO^IB 8 ooT«itc*H£T £*fP v *f > ^ 4 
fc, X3!#>^« (H5WT) fcJ8ttSft4#Stfff9# 

*pp*+ ^X5^s$nr^p^s<\ CflCtfsp** 
yr/SfCtt, F*9SPSJ£©3 RMfP:? -5>:^4F*9Cc}f A 

[0032] ajfi#^Enr*r*x«i&«7«^p7^ 

>^4fC»lt6ti. ^P^^>^4^:^U"CSJ£«3 0 

1 7 a *«I6T5» 1 O^Xitftf 1 7 t , feteit 
?&i&£<Dtj:i,>trx 1 Ba*«*&T5*2(D;tfX#J&tf 
16^6jflS^ B *l©^«fttl7B, <fP 
^^>v ? 4WO^Xv*t^««2 6rttCiSaU k 312 

©^Mt i6«, aas-r*^xv«aMi«2 sec 

[0 0 3 3 ] Hi <E>#X«*&«1 7 0M(C77X74 

iCWSOrtCcttlftSti*^*, 7'^Xv«:i:Dr§14{b 

4(Drtillir*oT, 5 i'rt»Sj£«Xf*y >^4 
aiT»7^>SPSI54 ci©*PJfi[!lCC, 77X7^4 
^57 , 7X7Mfg3 2 3WRW6tl4- C©7 7X 
74^g3 2^ jpP7^>^4©rtH«:?S^T*ftll 

f*i 3*^or»w6n/cy>y«ott«flB«si 2^ 

<Sx.^, 0 ^ift 1 3 (c j: ^07 7>^4^^^ic 
*S3^/cMffliil2^, 8^S3 4*ALt|[)a 
«113 5«$n^ JKJatt«iK3 5(D3KMttSA 

^r&mffi^@i 2tcEn»nbr, femffl^Si 2tr-x 
c (Dmm&mmcj: k> &n y 5 > ^ 4 p^cc ^* 5 x^^^t 

^£$n^ 0 P r ^XvBjm^^>*y4rt6C«ie3ti4# 
x^cj:^r^;$n, ^^xvco^s^n^m^y^ 

X7&J««2 6i4S. C©^Xv*jS««2 6rt 
[0 0 3 4] ft*5, ra77>^4^»©»^ ± 
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[0 0 3 5 ] *fc % ^□^5>> > 4j^O|^§PS^^ 

ffl^ai i^Rwe»n*. ^xv*u»#«i i», ^ 
7X74«2 er^s^fc^xvoaaa** 

*'X16a^ lW»kfcJ:5 0C*2©^Sl 6fr6a» 

A^n*. 

[0036] ^7X7«i¥a i i h * 

wxcomz 6£5goaii>, *©5fe««*«ii*fii±*fc 

£n£o cn^cJ:0*pP^^>> ; 4rt(7)^^X^^S;^l 

«2 6^e>sj£t3 ort©a«tea««2 4«:»DStt 

ff Ufc//^«IS2 5 a#sj&J*S*i*. i^rit $ 6 
fc, StS U >^3 6 aCCjUitr, #-h + t^5»3 

3 .tfrtcffitr &*fp 77>t>4 ©rt«sic6«aa* u > 

^4 aO»6}ri f J>^3 6 a©J^CCfflttT|5M> 

«{cy>y3 7*aTS#, ^«K2 5a©tetfia» 

«2 5i«cS. 7 7XvM»gl 14*«tSy>y 
3 6a, 3 7«, BS«CClMHi*^iLttCi*t». Wt« 

[0 0 3 7 ] c©J:5tt:^Xvffl»*f81 i <Dt#^c 
cto-C^^Xv^sjOflPSti-Sy^^X^B. ^coao-c 
'J>^36a, 3 7CC<fcD^-7Xvc|3<DfiK:»* 
Lfc««jWWrSh. ft*ffitf£C«aflM 2 4 'MifeA 

u&uor, *sjaa««2 4cc^x-7*s*jiR3hs 

©**«HWSn*. *fc, tttT*R2 5afc:J:S»««!.a 

2 4 tc wticf h -t ? x v ^<o%nwfivm s ft £ . 
Msec ttft#Wtc««W*iJ«p i S«W*Uffll ± *«* s. 

[0038] *«wfWfwra, at*»«ni«ccw«ote* 

3 6a, 3 7^fMlt, 'J>^'36a, 371: 
-r&/c*?X »;>^3 6a. 3 7i^Xvi©mtC2/- 

ft, a«»a««2 4rt^ffitfcr4«-?*i»«i3*iSo 
y>^6a, 3 7*r-x-e-r«:»^ur»««ta[i: 

, > y 3 6 a , 3 7 fcffitSrf 
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[0 0 3 9 ] «;>^3 6a, 3 7 3^|fili#rflteRSn4 
«£fe|5]fi6frc, U>^3 6a, 3 7tt:ftfc:«*U 

Xlfi^^< £i*£t§i£, ^/dJffStC'J>i/36 
a, 3 7 0*ffi*SE*-S»^K:6*. *h*tftt^fc»0 

[0 04 0 ] ««WftlJfflItt, *StT L/ctffc8§ 25aiai9 

«2 4rt^O*T©lttSt*sffl«WI3*iS. 
[0 04 1 ] 7 7X7»^1 14«tJSST4y 

6 a, 3 7 ^^Xvfe'Wt. ««WtC 

£>5 0 l/cJ&^t, *PP^^>> ? 4p fc 9CD^5Xv^^l 
i^2 6-C^^n/cr514«^^^XCD31 l 9^a<T 

20 [0 0 4 2] Ch&OIWfBaar, SMlW2 4ft 

^sttt-r £ x^omm, & u < ammmmm2 4 
rtro^^xvo^fiEji^jiaisns. ^o>*ss, -7 
x-^<D^7X^CcJ:4y^-t>**jaiK:|»±r#4. 
[0 04 3 ] ^cc. ±jSbJ^CVDSHlK:j:g 

[0044] t&bft, h 6&C^*-^W£=g* 

30 *^ur#-h6*rt«BSK«3rtK:ifA-r*. *fP* 

i- ? 7" 5 7 7 > ^ 4 ©T**^CC«Bf!l L fcfS , 
SJg^rS^t-r^o i*8PJSJ£«2rt«:SfaorE: 

ie»7^6W»«©«ifflffl3S/^ (pJ«tt#^, 3t«fttt3tf 

^p^^>> ; 4^/rLrs^3 ortocfit^uo 

■o, gfM^9J:^gfffiT^> D *tt«CD«Hlffl^«, ^ 
»CCjBDr^XvCcJ:QJie4bL-C«l&-J-a- 

*B«:iaW-r*. SW*7«. 3?/x«|ft«7*6^RS§tt 
40 #**3»AU SJ£«3 0rt*^Jgtt^*caBftor, 

w^[piiix-r^> 0 

[0045] ccx\ se*ia5*«, MaiL/c^^tc 

lfi®Ii^2 4fl^^t^^X 16a, 17 a^C, 
*pP^^>> ? 4P , 9CD^^X-7^§1^c2 6 ^Ct77Xv 

[0 04 6] ^CC, C0.^8W4. ^16a 4 1 

7 a©5"fe*Stt^fc<D^«tt#^ 1 7 att, ^EPtC^-TJ: 
50 5JC^7XvSfiSiB«2 6^|&3n5 B ffi14ft3-t*4 
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tSL^ffita^iiTs 16att, <k5lc?'5 Z^ffl 

**6Sl£*2 4rtK:tt|&-rsecBR0r. *fP^^>> ; 4 
rttCKlt3fcSWIffl*S 1 2 CC^ii^m^3 5 ^6KJHtt 
S«ffl«ei 2CcW»«*^jl4i. #x 1 
7 a «lbtffl7 7>i>4©7 7X7^^2 6 
tcX5X^#£/££*i£ 0 CCT\ fStcX^Xv^jflW 

tS, S6tC*//X*«*&Lr. ^^X^(D3c^*SIS<b 

[0 04 8 ] 77X74^2 6 tmm%kmmt&2 a 

^^Xv^1f^-r^m^. 77X7^i«2 
6^6Sfii&a«i|S2 4^*BtfSfc8S2 5 a£ii-?T&If& 

bi^irfe, Kl63ftsccrt\ *^<DH:»»WW3 

ft* *<D<S*^^Xv*(DStR«ia««2 4^<Z)i«A3&s 
SHHBSft*. L^U, ^17a*JSttftS-&4Ci(C 

tester* Hft{fc3i*fci>#xi 6afc*14 

r*£„ L/c^-o-C?£tt«R^X 1 6 att^XvU 

^© 1 1 KttteSftfcJ/X 16a, SO'7 7X7^i 
«2 6r^«Stlfc^Xv{c«t«5figttffcStifc#x 1 
7att, ^^XvSWfflr^ai icc«WSti*C<btt< . 
XJ^Tl»I^2 4^8nt, o*-^w± 

[0 04 9] CCT\ pJ*8tt**X, 3t«Stt^7X<D^7X« 

W*8tt#x*rStt{fcS-H:43^5^tt, S^ifttc 
b-* 1 t«$ntl^lWli«2 4-CRRg|*ff 
ft^OT, X^Xv<Dx^;l,^-tcJ:^pJM14^7XCD?S 

[oo5o]m«, fiS»«aaKrpi*tt^x3&«ffitt 

jt£ftfttf, ^^Xvox^^^-tci^ojjKI^^/x© 
fStt{t«r£*iL/ttC». pJ*Bttt*X*rSi4{fcS-a: 

piflstt^xsrstt^ts-e&c*. j&m^jiss 
rwaStt^xssrSttftstittwnK, «x?oi*i 
*"-tCcfc4nj«Ktt^xcDrSttffc^Si-rs. Sfc, oj 
JSStt^XifSttYtS-B-SCitciO, «Jt<D£ffcfcL< 
t L & Ir **i^tt nWRtt^X £ft§t4-f 1 3 « & o 
[0 0 5 1 ] ^xiiir^ XUStt^ii 

tNH J ^ l nfiBStt^XiLrDCS (y^DPy 7 
> : S i H 2 C 1 a ) £&fflT£ 0 C©i*JgJiSShSB| 
S i 3 N,lT^^ 9 nJ«ttX/X» % ±!2b/cDCS 

office, cvDfc«c^*^H8tt^x^*ecafflr*s. 
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SiH 4 , SiCl 4 , Si.H,, Si 2 Cl 6 , 
BTBAS, TEOSfO^^X. £/cte-ec7Mtii 
ORatc^C^tiS#X3&i*5 0 
[0 0 5 2 ] ttte, pJiKtttfx, 3£«tt#x*itccffitt 

7. 1 8^ffi7 7>^4©7 7X7^fg3 2 
©ifi«Kc»Wr. ^EP17a, 18a©J:5«:, T-<T 

[0 05 3] ±j#L/c J: 5 icm 1 OSI*0»!*"Ctt, *F 

10 P77>^WC77X7^T^77X7M^ 

JBfiRU SJSSrttcffij|i&-r5^xtc. 7 r 7X7M« 
rX5XvOC<fc OffittffcS tlfc#X3&J$£ ft&J: L 

/c©t\ ^^Xv«:fleto'rK:*Scc)*-c#x*rgttftS-i* 

4*&CVD<Di&K ( 6 0 0-8 0 0 C C) &Cj;b-<T, <fc 0 
ffi^fijg (300-600 °C (DSC + NH 3 -S i N 

7 7X7^o/ciCVDgIt«, 'J*-h7 7X7 
20 CiOTJf^o 

[0054] Mt&mtte, mfat&mmmz interns? 

£#x£, }pn7^>is49\><DMtitc&mc&2>y'~rX 
v*dE««rttJ6c<, TO77>^4to77X7M 
^«2 6tcrrS14{fcLT0^ o L/c^ot, ^p^^> 
^ 4 ^fcogf ft/c{igtt X^ XvSfltJMtBtft^ft 

fbLfc#X*S;tfXttlMf 1 7*»63tCl»©T. #X«ift 

x*rStt{b-T4©-c, 7 p 7X74s««2 errSttfts 

ftfc # X * &t>£>CC2ti&EyiWiC 2 4 OCM^ C <b # 

[0 0 5 5 ] Ss/c. lttl^2 4WgL/r/7X 
2 6t'7 7X7 L r 4> k Sfi^il^ 
2 4 i77X7Mi2 6 iCOBItCSWfcX^XvM 

40 a^gi i tcj:or»«»ai««24^i*A-r«p r 7X 

>J-->^^^P77>^4rt©77X7S 

[0 0 5 7 ] £tcCVnmcmt>?. ALD (Atom 
50 i c Layer Deposition) &(,cMFB't 
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CS + NH,-»SiN©*^ 3 0 0-60 0°C) tl 

r£14^k3"&/ci^^«fltt&L/n^lffl«. 77X7 

tt, :/^X^te^3#&^J:5tcr£o 10 
[0 0 5 8 ] *fc. ±»L/fcJIJIi©JB«"Ctt, ^7X7 

/Co C077X7&!ti«2 64ffilt77 

[0 05 9]i4, B5li, 7 7X7?:J:«» 20 
U cfc0 5tlltc^*^<tS^*fc*©»2©||Jt(D 

"C*0, 0 5te^4CDg^CD¥Kffl3r&& o 
B5G>*J5fc«\ S*W^C«^2C0l«^c<h|pIDr^^ o El 
2 i»444fir^tt, *ppy^>> ; 4CC^^en/c^^ 

x^£j&^&3 2*ij^- 1 4r«^ri>*«&r*5. 
*fc, «raufcj:^tt^xvfw»*ai 1^77X7 

£0c««2 6 <hifi%liS«2 4 i©«WCCR»rfiC* 

[0060] eiTtcAftwtcttiar*. 04 cc^r j: 5 

CC, 7 7X7iffifg3 2tc:7'^X^£tiDiA26&#^ 
-14*»W4. */^-14», X^X^fiSE^I83 2 
** fiW ^Slffl© »; > ^W8S 1 2 RO'lfe^f* 1 3 <o 

flfJ&Sti, JPP7"7>5P4<DrtHS«:»r>TKwe > ti 

T^77X74«lJ|2 6«$n^) 0 *^-14tt 

[0 0 6 1 ] BSfcijVriSK:, #^-1 4«. BS^il 

CC^Sffl^'x 1 9 a*J«teSft4. WaSrSBOffi«8«5Bt^ 
rPHttSP2 2£ff5f&LT*s^ C©Htt»22©aB»«: 
^2 0a#fittSh5. *fc, C©Mtt»2 2©|*iM 
&c:/^X^3HJ8Mi«2 3*s»W6*i*. :/^XvfMffl« 
1*2 3 «\ S*Wtc«, K2L/c-/7X7Wffll?gl 1 50 
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[0 0 6 2 ] fWSPSnfcW»^^Xv2 1 K:<fc«9r£1*{t 
3-&fcl>#^«, ^EP2 0 atC^TJ:M£, 27^-&8ifc 

EIJ1 9 a £5** J; 5 tc*7^- 1 4 ^ 
EP2 lCc*TJ:5«:aitty^h*— ilSttteft, ^ttSP 

2 2 iDttSffiT. 

[0 0 6 3 ] 1 405— 1 9 

a», 4F*gCcSCii*nTi(E*fl[K:ttofc^ 
X7i 5 fcj: OiSttffcS *i& 0 ffittffcKJ:9^3ftfc 
i£tt«U:> ^£fcSB2 2**6^Xvl|HHWM»2 3*ac 
TIRDfiJSn, ^□7 7>^4^gtIWli«2 4 
ttjl«ft&. a-*- 1 4rttM$^c7*7X7 1 5 
\t % ^X^WauBWi2 3CcJ:0, *'<-l4fl»ca 

[0 0 6 4 ] ±^L/c^:EP 19a, 20a KZTjrTtfXgt 

nf^cc iizmm-fzt, -ecoassnccfco fc 1 

i£U CO^^Si 3 N^x^>n5^ FC1 
IJ:SiO^X7?>^l^^Ci^6, S i 3 N 4 /S 

r^^n/c^g^p^cits^n/cs i y - 

->^*r&IS, 5^ttx**>^trt\ Si 3 N«(D^x 

[0 0 6 5 ] ±JSL/ytJ|2<D3IJt©»l80l»CVD»« 
tc<fc*itf, ^7X74fiSfg3 2?:^-l4ra5C 

rfx*^^x-76cj:0«@|K:iStt{br*-s. s/c, ^ 
Xv^S^i|g2 6 #27^- l 4rKHJgJ5K3h-Cl*S© 
T\ 8««a««2 4r©^^Xv^j5iJcS:WJaK:|»±"C 
*. */c*^a««2 4^0^7Xv©«£AfeAtttc 
Uc^ot, ^-y\?W^7 7X7 

[0 0 6 6 ] *FP7 5>^(D;*^£:7'^Xv£j& 

ft-C77X7«:Mlt, #^-rtr;^**steffc-i-s 

[0 0 6 7 ] ^/c, BRttff2 2CC t Htttt2 2a^6ttffl 

3 n ^> ^* v XvCD^tHM^$ifflT ^> 77X7»«flt 2 
3£SW7c(Erc\ IScm«tCtr5Dte^Xvx*^-* 
H?o»0»^^Xv2 1 *HttSP2 2*»6i*U-rSC4*s 
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4 CD&mc&te 2 *i £ #X , fe&itlc&mte x * )l 

[0068] ccr, m4&&m5*mi<>tcj&$&%mR 

t>'^ U - x > ^©Itffiffl £ n & KTs (Officii Wco 

[0 0 6 9] ( 1 ) /SMMJIWI 1 
27^*- 1 4P*9§P^NH3. %mM2 2tt2^DC S 
3&T£o NH 3 «7 7X7 i SteJ^ffit^b^ft^ rS 
t£<b LtcN H 3 % ^ x -^Wte«*&"r -SCiOcJ: OSS 

2 h ic\z y h 7 7X7gic v Dgs^figj: o fit > 
[0070] (2) fsmmm2 

ijj*- 1 4rtSPtCAr, Httff2 2ffffiCDCSMN 

[0 0 7 1 ] (3) ^y-x>y#ii 

2 4 t&f&T £ C t &C J: 0 CC*i8t S ti 

> ^ «ai * tf^ct 5 c £ #r * * . 

[0 0 7 2] (4) # ';-J^>^j2 

[0 0 7 3 ] (5) * y-->y«3 
^'-14«CNF 3 Si>'Cl^MtS 0 *fctt, 

4F*i«HCNF s . BBSfc»2 2#atCC 1 
T£ 0 l»rti©*j*rfe^**Stt3ti. FC1#»* 
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m<£fi££*i£ 0 FCltt, »«A&a««2 4|*j©S i 

o <sc ^aetr * > ?%±m&m c t # 
[0 0 7 4] ( 6 ) sti^nftuifflf 

#A-l 4rt«CCH,, N 2 , £fcteNH 3 , g3&£B2 2 
tt»CNF 3 ^-r^ 77X7 1 50£<£9H 2 , N 2 

[0 0 7 6 ] 

[laffiOfHWcCiftB^] 

[02]01 fc«««E«TOK^P^ ^>^atott 

30 [B3]»i ommmmimzmmz^fcn? ? 

[04] S 2 ©U6©E«^ffi^iWl«a(D^P 7 
[05] H4©»»(D^HRffiH-C*4. 

4 &nyy>¥ 

7 

i i ?7X7^s»a 

40 3 0 SJt« 
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F A(##) 4K030 AA03 AA06 AA13 BA40 CA12 
EA06 FA10 KA04 KA23 KA30 
5F045 AA04 AA16 AB33 AC01 AC03 
AC12 AD07 AD08 ADO 9 AD10 
BB07 DP19 DQ05 EB06 EH04 
EK06 



